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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The combined system of the solid-acid ghost form fuel cell characterized by coming to 
be prepared the reforming machine which uses the exhaust gas of the industrial process which 
the exhaust gas of a solid-acid ghost form fuel cell is the combined system of the solid-acid 
ghost form fuel cell which it comes to make into the oxidizing agent for industrial processes 
using combustion, and the industrial process using combustion, and uses said combustion, and 
heated and reforms the fuel of said solid-acid ghost form fuel cell for a generation of electrical 
energy, and the industrial process using combustion. 

[Claim 2] The combined system of the solid acid ghost form fuel cell according to claim 1 
characterized by coming to prepare the recuperator which heats said oxidizer for solid acid 
ghost form fuel cells with the exhaust gas of said reforming machine, and the industrial process 
using combustion. 

[Claim 3] The combined system of the solid acid ghost form fuel cell according to claim 1 or 2 
characterized by coming to prepare Rhine which bypasses the industrial process using said 
combustion between said solid acid ghost form fuel cells and said reforming machines, and the 
industrial process using combustion. 

[Claim 4] The combined system of the solid acid ghost form fuel cell according to claim 2 or 3 
characterized by coming to prepare Rhine which bypasses said solid acid ghost form fuel cell 
between said recuperator and the industrial process using said combustion, and the industrial 
process using combustion. 

[Claim 5] A combined system with the industrial process which uses the solid acid ghost form 
fuel cell of a publication, and combustion for any 1 term of claims 2-4 characterized by coming 
to prepare a means to supply low-temperature gas from said oxidizer for solid acid ghost form 
fuel cells discharged from said recuperator, between said recuperator and said solid acid ghost 
form fuel cell. 

[Claim 6] A means to supply the gas of said low temperature is the combined system of the solid 
acid ghost form fuel cell according to claim 5 characterized by being Rhine which bypasses said 
recuperator, and the industrial process using combustion. 

[Claim 7] A combined system with the industrial process which uses the solid acid ghost form 
fuel cell of a publication, and combustion for any 1 term of claims 2-6 characterized by coming 
to prepare a means to heat said oxidizer for solid acid ghost form fuel cells, between said 
recuperator and said solid acid ghost form fuel cell. 

[Claim 8] The industrial process using said combustion is a combined system with the industrial 
process which uses the solid acid ghost form fuel cell of a publication, and combustion for any 1 
term of claims 1 -7 characterized by being a heating furnace. 

[Claim 9] The industrial process using said combustion is a combined system with the industrial 
process which uses the solid acid ghost form fuel cell of a publication, and combustion for any 1 
term of claims 1-7 by which it is being [ it / the heat treating furnace equipped with the radiant 
tube ] characterized. 

[Claim 10] A combined system with the industrial process which the industrial process using said 
combustion is a reducing atmosphere furnace, and uses the solid acid ghost form fuel cell of a 
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publication, and combustion for any 1 term of claims 1-7 to which the reducing gas used for this 
reducing atmosphere furnace is characterized by coming to be used in common as fuel electrode 
side purge gas of said solid acid ghost form fuel cell. 

[Claim 11] It comes to make the exhaust gas of a solid acid ghost form fuel cell into the oxidizer 
for industrial processes using combustion. It comes to prepare the reforming machine which uses 
the exhaust gas of the industrial process using said combustion, and heats and reforms the fuel 
for a generation of electrical energy of said solid acid ghost form fuel cell. In the combined 
system of the solid acid ghost form fuel cell with which it comes to prepare the recuperator 
which heats said oxidizer for solid acid ghost form fuel cells with the exhaust gas of said 
reforming machine, and the industrial process using combustion According to the amount of 
oxidizers which the industrial process using said combustion needs, the oxidizer flow rate of said 
solid acid ghost form fuel cell is adjusted. The operating method of the combined system of the 
solid acid ghost form fuel cell characterized by adjusting the electric generating power of a solid 
acid ghost form fuel cell according to this oxidizer flow rate for solid acid ghost form fuel cells, 
and temperature, and the industrial process using combustion. 

[Claim 12] It comes to make the exhaust gas of a solid acid ghost form fuel cell into the oxidizer 
for industrial processes using combustion. It comes to prepare the reforming machine which uses 
the exhaust gas of the industrial process using said combustion, and heats and reforms the fuel 
for a generation of electrical energy of said solid acid ghost form fuel cell. It comes to prepare 
the recuperator which heats said oxidizer for solid acid ghost form fuel cells with the exhaust 
gas of said reforming machine. It comes to prepare the gas line which bypasses the industrial 
process using said combustion between said solid acid ghost form fuel cells and said reforming 
machines. In the combined system of the solid acid ghost form fuel cell with which it comes to 
prepare Rhine which bypasses said solid acid ghost form fuel cell between the industrial 
processes using said recuperator and said combustion, and the industrial process using 
combustion It responds to the oxidizer flow rate which the industrial process using said solid acid 
ghost form fuel cell and said combustion needs. The operating method of the combined system 
of the solid acid ghost form fuel cell characterized by controlling Rhine which bypasses the 
industrial process using said combustion, or said Rhine which carries out a solid acid ghost form 
fuel ceil bypass, and the industrial process using combustion. 

[Claim 1 3] It comes to make the exhaust gas of a solid acid ghost form fuel cell into the oxidizer 
for industrial processes using combustion. It comes to prepare the reforming machine which uses 
the exhaust gas of the industrial process using said combustion, and heats and reforms the fuel 
for a generation of electrical energy of said solid acid ghost form fuel cell. It comes to prepare 
the recuperator which heats said oxidizer for solid acid ghost form fuel cells with the exhaust 
gas of said reforming machine. Between said recuperator and said solid acid ghost form fuel cell 
In the combined system of the solid acid ghost form fuel cell with which it comes to prepare a 
means to heat a means to supply low-temperature gas from said oxidizer for solid acid ghost 
form fuel cells discharged from said recuperator, or said oxidizer for solid acid ghost form fuel 
cells, and the industrial process using combustion The operating method of the combined system 
of the solid acid ghost form fuel cell characterized by controlling a means to supply the gas of 
said low temperature, or said means to heat, according to the oxidizer temperature which said 
solid acid ghost form fuel cell needs, and the industrial process using combustion. 
[Claim 14] It comes to make the exhaust gas of a solid acid ghost form fuel cell into the oxidizer 
for industrial processes using combustion. It comes to prepare the reforming machine which uses 
the exhaust gas of the industrial process using said combustion, and heats and reforms the fuel 
for a generation of electrical energy of said solid acid ghost form fuel cell. In the combined 
system of the solid acid ghost form fuel cell with which it comes to prepare the recuperator 
which heats said oxidizer for solid acid ghost form fuel cells with the exhaust gas of said 
reforming machine, and the industrial process using combustion Only the industrial process 
which uses said combustion at the time of combined system starting, without starting said solid 
acid ghost form fuel cell is started. By the fuel electrode side purge gas and said recuperator of 
said solid acid ghost form fuel cell heated with said reforming vessel The operating method of 
the combined system of the solid acid ghost form fuel cell characterized by carrying out the 
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temperature up of said solid acid ghost form fuel cell using said heated oxidizer for solid acid 
ghost form fuel cells, and the industrial process using combustion. 

[Claim 15] It is the combined system of the solid acid ghost form fuel cell with which it comes to 
make the exhaust gas of a solid acid ghost form fuel cell into the oxidizing agent for industrial 
processes using combustion, and the industrial process using combustion. The reducing gas 
which the industrial process using said combustion is a reducing atmosphere furnace, and is used 
for this reducing atmosphere furnace The combined system of the solid acid ghost form fuel cell 
characterized by coming to be used in common as fuel electrode side purge gas of said solid acid 
ghost form fuel cell, and the industrial process using combustion. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention uses mutually exhaust heat with a solid acid ghost form 
fuel cell and the industrial process using combustion in more detail about the combined system 
of a fuel cell and the industrial process using combustion, and relates to the combined system 
which raises overall efficiency. 
[0002] 

[Description of the Prior Art] A solid acid ghost form fuel cell (it is indicated also as "SOFC" 
below Solid Oxide Fuel Cell:) is a fuel cell which attaches a porous electrode in the both sides, 
supplies oxidizers (air, oxygen, etc.) to one side by making this into a septum at a fuel gas and 
another side side, using oxide ion conductivity solid electrolytes, such as yttria stabilized 
zirconia, as an electrolyte, and operates at about 1000 degrees C. 

[0003] Since actuation and electrolyte are solid^states at the possibility of use of a carbon 
monoxide, and ** elevated temperature as ** high power and the possibility of achievement of 
high generating efficiency, and ** fuel gas in addition to hydrogen. SOFC has the descriptions, 
like there is no problem of electrolyte dissipation, and it attracts attention as a distributed 
energy source. 

[0004] In recent years, along with the rise of the social request to a deployment of energy, the 
attempt which raises overall efficiency not only according to the improvement in effectiveness 
by the industrial process independent using a power plant or combustion but according to 
construction of the combined system (complex system) which combined 2 or more than it 
attracts attention, and desire of the improvement in the further overall efficiency is carried out 
also about SOFC which has high generating efficiency. 
[0005] 

[Problem(s) to be Solved by the Invention] The applicant of this invention developed the 
combined system of SOFC and the industrial process (it is hereafter indicated also as a 
"combustion process" for convenience) using combustion to old for the purpose of the 
improvement in overall efficiency of the combined system containing SOFC (application for 
patent No. 47285 [ 2001 to ]). This combined system attains improvement in overall efficiency by 
using the exhaust gas of SOFC as an oxidizer for combustion processes, and using the heat of 
the exhaust gas of SOFC effectively. The operation gestalt which prepares the recuperator 
which heats the oxidizer for SOFC with the exhaust gas of a combustion process is also 
developed for improvement in the further overall efficiency: Furthermore, in order to enable 
operation which maintained balance with SOFC and a combustion process, the amelioration 
gestalt which prepares Rhine which bypasses recuperator, SOFC, or a combustion process, and 
the amelioration gestalt which establishes a means to heat the oxidizer for SOFC, between 
recuperator and SOFC were also created. 

[0006] The above-mentioned combined system brings about improvement in dramatic overall 
efficiency compared with operation by SOFC or the combustion process independent, and can 
call it what is as [ this ] rich in practicality enough. However, this invention persons found out 
the point with the room of some amelioration by inquiring wholeheartedly for the purpose of 
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development of a still more useful combined system. These are indicated below. 
[0007] The 1 st point is related with the further deployment of the heating value which the 
exhaust gas of a combustion process has. In the above-mentioned combined system, although 
collected for heating of the heating value which the exhaust gas of a combustion process has of 
the air for SOFC, when the exhaust gas of a combustion process is an elevated temperature, the 
room of exhaust heat recovery is left behind. That is, when the exhaust gas of a combustion 
process is an elevated temperature, even after collecting heating values using recuperator etc., 
it is possible to have the available heating value and to use this exhaust heat effectively. 
[0008] The 2nd point is related with reforming of the fuel for SOFC. When using a hydrocarbon 
system fuel as a fuel of SOFC, it is necessary using a steam-reforming reaction to reform to CO 
and H2 which are a generation-of-electrical-energy fuel. This reforming reaction advances 
suitably above 700 degrees C, and since it is endothermic reaction, it needs to supply heat 
continuously to a system. It is necessary to establish an external reforming means to form an 
internal reforming means by which generation-of-electrical-energy exhaust heat and the exhaust 
gas sensible heat of SOFC were used in the interior of SOFC as a means to supply heat 
continuously, or to supply heat from the exterior. However, in order to perform internal 
reforming, the reforming catalyst needs to be arranged inside SOFC and there was a problem 
which SOFC structure complicates. Moreover, since a heat source is newly [ in order to perform 
external reforming ] needed in external reforming vessels, it is not desirable on energy efficiency. 

[0009] The 3rd point is related with the facility for starting of SOFC. In order to carry out the 
temperature up of the SOFC to the hot operating temperature of about 1000 degrees C in order 
to start SOFC, and to prevent oxidization of the fuel electrode of SOFC, it is necessary to 
supply the purge gas which makes nitrogen and hydrogen a subject to a fuel-supply system. For 
this reason, the facility used only for startings of SOFC, such as a purge gas preheater and a 
purge gas supply means, was needed, and problems, such as increase of the complication and 
equipment cost of equipment, were invited. 

[0010] This invention is made in view of the above-mentioned matter, and "a deployment of the 
exhaust gas of a combustion process", "the increase in efficiency of fuel reforming for SOFC", 
and "simple-ization of a SOFC module" aim at offering the combined system of the industrial 
process using possible SOFC which has the outstanding overall efficiency, and combustion. 
[001 1] Moreover, this invention aims at offering suitably the operating method of said combined 
system which can respond to a service condition. 
[0012] 

[Means for Solving the Problem] This invention is completed paying attention to the point which 
can solve the above-mentioned technical problem by considering as the configuration which the 
exhaust gas of SOFC equipped with the reforming machine which can use the exhaust gas of a 
combustion process effectively further about the combined system of the SOFC and the 
combustion process which it comes to make into the oxidizing agent for combustion processes. 
Moreover, when the exhaust gas of SOFC shares the reducing gas for combustion processes as 
SOFC purge gas about the combined system of the SOFC and the combustion process which it 
comes to make into the oxidizing agent for combustion processes, it is completed paying 
attention to the point that simple-ization of a SOFC module can be attained. In addition, the 
concrete means of the invention in this application is as follows. 

[0013] Come to make this invention into the oxidizer for industrial processes with which the 
exhaust gas of a solid acid ghost form fuel cell uses combustion. It is the combined system of a 
solid acid ghost form fuel cell and the industrial process using combustion. It is the combined 
system of the solid acid ghost form fuel cell characterized by coming to prepare the reforming 
machine which uses the exhaust gas of the industrial process using said combustion, and heats 
and reforms the fuel for a generation of electrical energy of said solid acid ghost form fuel cell, 
and the industrial process using combustion. 

[0014] It is desirable to come to prepare the recuperator which heats said oxidizer for solid acid 
ghost form fuel cells with the exhaust gas of said reforming machine. 

[0015] It is desirable to come to prepare Rhine which bypasses the industrial process using said 
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combUstion between said solid acid ghost form fuel cells and said reforming machines. 
[0016] It is desirable to come to prepare Rhine which bypasses said solid acid ghost form fuel 
cell between said recuperator and the industrial process using said combustion. 
[0017] It is more desirable than said oxidizer for solid acid ghost form fuel cells discharged from 
said recuperator between said recuperator and said solid acid ghost form fuel cell to come to 
prepare a means to supply low-temperature gas. 

[0018] As for a means to supply the gas of said low temperature, it is desirable that it is Rhine 
which bypasses said recuperator. 

[0019] It is desirable to come to prepare a means to heat said oxidizer for solid acid ghost form 

fuel cells, between said recuperator and said solid acid ghost form fuel cell. 

[0020] As for the industrial process using said combustion, it is desirable that it is a heating 

furnace. 

[0021] As for the industrial process using said combustion, it is desirable that it is the heat 
treating furnace equipped with the radiant tube. 

[0022] The industrial process using said combustion is a reducing atmosphere furnace, and it is 
desirable to come to use in common the reducing gas used for this reducing atmosphere furnace 
as fuel electrode side purge gas of said solid acid ghost form fuel cell. 

[0023] Moreover, it comes to make this invention into the oxidizer for industrial processes with 
which the exhaust gas of a solid acid ghost form fuel cell uses combustion. It comes to prepare 
the reforming machine which uses the exhaust gas of the industrial process using said 
combustion, and heats and reforms the fuel for a generation of electrical energy of said solid 
acid ghost form fuel cell. In the combined system of the solid acid ghost form fuel cell with which 
it comes to prepare the recuperator which heats said oxidizer for solid acid ghost form fuel cells 
with the exhaust gas of said reforming machine, and the industrial process using combustion 
According to the amount of oxidizers which the industrial process using said combustion needs, 
the oxidizer flow rate of said solid acid ghost form fuel cell is adjusted. It is the operating method 
of the combined system of the solid acid ghost form fuel cell characterized by adjusting the 
electric generating power of a solid acid ghost form fuel cell according to this oxidizer flow rate 
for solid acid ghost form fuel cells, and temperature, and the industrial process using combustion. 

[0024] Moreover, it comes to make this invention into the oxidizer for industrial processes with 
which the exhaust gas of a solid acid ghost form fuel cell uses combustion. It comes to prepare 
the reforming machine which uses the exhaust gas of the industrial process using said 
combustion, and heats and reforms the fuel for a generation of electrical energy of said solid 
acid ghost form fuel cell. It comes to prepare the recuperator which heats said oxidizer for solid 
acid ghost form fuel cells with the exhaust gas of said reforming machine. It comes to prepare 
the gas line which bypasses the industrial process using said combustion between said solid acid 
ghost form fuel cells and said reforming machines. In the combined system of the solid acid 
ghost form fuel cell with which it comes to prepare Rhine which bypasses said solid acid ghost 
form fuel cell between the industrial processes using said recuperator and said combustion, and 
the industrial process using combustion It responds to the oxidizer flow rate which the industrial 
process using said solid acid ghost form fuel cell and said combustion needs. It is the operating 
method of the combined system of the solid acid ghost form fuel cell characterized by controlling 
Rhine which bypasses the industrial process using said combustion, or said Rhine which carries 
out a solid acid ghost form fuel cell bypass, and the industrial process using combustion. 
[0025] Moreover, it comes to make this invention into the oxidizer for industrial processes with 
which the exhaust gas of a solid acid ghost form fuel cell uses combustion. It comes to prepare 
the reforming machine which uses the exhaust gas of the industrial process using said 
combustion, and heats and reforms the fuel for a generation of electrical energy of said solid 
acid ghost form fuel cell. It comes to prepare the recuperator which heats said oxidizer for solid 
acid ghost form fuel cells with the exhaust gas of said reforming machine. Between said 
recuperator and said solid acid ghost form fuel cel/ln the combined system of the solid acid 
ghost form fuel cell with which it comes to prepare a means to heat a means to supply low- 
temperature gas from said oxidizer for solid acid ghost form fuel cells discharged from said 



http://www4.ipdl.ncipi.goJp/cgi-bin/tran_web.cgi_ejje 



9/26/2006 



JP.2003-059521^ [DETAILED DESCRIPTION] Page 4 of 10 



recuperator, or said oxidizer for solid acid ghost form fuel cells, and the industrial process using 
combustion It is the operating method of the combined system of the solid acid ghost form fuel 
cell characterized by controlling a means to supply the gas of said low temperature, or said 
means to heat, according to the oxidizer temperature which said solid acid ghost form fuel cell 
needs, and the industrial process using combustion. 

[0026] Moreover, it comes to make this invention into the oxidizer for industrial processes with 
which the exhaust gas of a solid acid ghost form fuel cell uses combustion. It comes to prepare 
the reforming machine which uses the exhaust gas of the industrial process using said 
combustion, and heats and reforms the fuel for a generation of electrical energy of said solid 
acid ghost form fuel cell. In the combined system of the solid acid ghost form fuel cell with which 
it comes to prepare the recuperator which heats said oxidizer for solid acid ghost form fuel cells 
with the exhaust gas of said reforming machine, and the industrial process using combustion 
Only the industrial process which uses said combustion at the time of combined system starting, 
without starting said solid acid ghost form fuel cell is started. By the fuel electrode side purge 
gas and said recuperator of said solid acid ghost form fuel cell heated with said reforming vessel 
It is the operating method of the combined system of the solid acid ghost form fuel cell 
characterized by carrying out the temperature up of said solid acid ghost form fuel cell using 
said heated oxidizer for solid acid ghost form fuel cells, and the industrial process using 
combustion. 

[0027] Furthermore, this invention is the combined system of the solid acid ghost form fuel cell 
with which it comes to make the exhaust gas of a solid acid ghost form fuel cell into the 
oxidizing agent for industrial processes using combustion, and the industrial process using 
combustion. The reducing gas which the industrial process using said combustion is a reducing 
atmosphere furnace, and is used for this reducing atmosphere furnace It is the combined system 
of the solid acid ghost form fuel cell characterized by coming to be used in common as fuel 
electrode side purge gas of said solid acid ghost form fuel cell, and the industrial process using 
combustion. 
[0028] 

[Embodiment of the Invention] Hereafter, the operation gestalt of this invention is explained, 
referring to a drawing. 

[0029] As for drawing 1 , it comes to introduce the exhaust gas (2) of SOFC (1) into a 
combustion process (3) as an oxidizer for combustion process (3) with a fuel (4). The exhaust 
gas (5) of this combustion process (3) is used for the reforming machine (6) which heats and 
reforms the fuel for a generation of electrical energy of SOFC (12). Subsequently, in order that 
the exhaust gas of a reforming machine (6) may heat the oxidizer for SOFC (10), it is the 
mimetic diagram of 1 operation gestalt of the invention in this application supplied to recuperator 

(9) . 

[0030] In a combined system, the oxidizer for SOFC (10) and a reforming finishing fuel (11) are 
supplied to SOFC (1), and a generation of electrical energy is performed. Especially the type of 
SOFC used for this invention is not limited, and cylindrical [ SOFC ], the flat-surface mold 
SOFC, etc. can use various kinds SOFC, and it can choose them suitably according to a use 
application and an installation environment. About the supply process of the oxidizer for SOFC 

(10) , and a reforming finishing fuel (1 1), it mentions later. 

[0031] In the combined system of this application, the exhaust gas (2) which occurs with 
operation of SOFC is supplied to a combustion process (3) as an oxidizer for combustion 
processes. It is the fuel cell characterized by SOFC (1) operating at an elevated temperature, 
and the exhaust gas (2) of SOFC is very an elevated temperature with 800-1000 degrees C, and 
an oxygen density is 1 5 - 1 8%. For this reason, when that a hot oxidizer is supplied supplies the 
exhaust gas (2) of SOFC as a desirable oxidizer for combustion processes, direct use can be 
carried out as an oxygen supply for combustion, and effectiveness is in improvement in overall 
efficiency. Furthermore, the exhaust gas (2) of SOFC contains the residual fuel which was not 
utilized by SOFC (1), and can aim at use of a residual fuel in a combustion process (3). It has the 
advantage that moreover elevated-temperature combustion is realizable. The effectiveness 
acquired by elevated-temperature combustion and elevated-temperature combustion below is 
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explained briefly. 

[0032] The oxygen supply of a constant rate is required for combustion, and the oxygen density 
more than about 1 8 volume % is usually needed. However, above 800 degrees C, it can burn also 
under hypoxia concentration and can be in the combustion condition called elevated- 
temperature combustion. The high heat transfer effectiveness is acquired under such elevated- 
temperature combustion, and generating of nitrogen oxides (NOx) can also be reduced. The 
exhaust gas of SOFC is equipped with 800-1000 degrees C, an oxygen density 15-18 volume %. 
and the conditions suitable for elevated^emperature combustion as mentioned above. 
Therefore, even if it is the case where it is directly used as an oxidizer for combustion 
processes, without adding heating using reforming and the heat exchanger of gas at all, the 
elevated-temperature combustion which has the above-mentioned description is attained. 
[0033] That is, when the exhaust gas (2) of SOFC is used as an oxidizer for combustion 
processes, the property which the exhaust gas (2) of SOFC has can be utilized effectively, and 
improvement in overall efficiency can be aimed at. 

[0034] A combustion process (3) is not limited especially if combustion is used, and a heating 
furnace, a heat treating furnace, an incinerator, a boiler, a drying furnace, an air-heating furnace, 
a chemical reaction furnace, etc. are mentioned. Moreover, it Is good also as equipment 
gestalten, such as a generator burner which SOFC (2) and a combustion process (3) unified, and 
this gestalt is also included in the technical range of this invention. As a fuel supplied to a 
combustion process (3) by the fuel-supply means for combustion processes (4), although a fuel 
oil, methane, coal, a propane, electric heat. etc. are mentioned, it is not limited especially. What is 
necessary is not to limit especially the combustion temperature of a combustion process (3), 
either, and Just to make the fuel amount of supply increase, when asking for a higher combustion 
temperature. However, in order to realize above-mentioned elevated-temperature combustion, it 
is desirable to apply the combustion process which can perform elevated-temperature heat 
treatment of 800 degrees C or more, and the heat treating furnace equipped with the heating 
furnace or the radiant tube Is mentioned as a suitable example, what carries out radiation heating 
of the heated object which a radiant tube burns within a tube and is out of a tube — it Is — 
various kinds — a well-known radiant tube can be used. 

[0035] The exhaust gas (5) of the combustion process discharged from a combustion process (3) 
is conveyed by the reforming machine (6), and is used as heating of the fuel mixture (7) which 
can be reformed, and a heat source of reforming. As for reforming In a reforming machine (6), It 
Is common to carry out steam reforming of the hydrocarbon system SOFC fuel (12) using a 
reforming catalyst, and the reforming finishing fuel (11) which contains hydrogen and a carbon 
monoxide as a principal component Is supplied to SOFC (1). When it Illustrates about the case 
where methane and ethane (natural gas) are used about a reforming reaction, it is following type 
(I) - (IV): [0036]. 
[Formula 1] 

CH4 + H20-»C0 + 3H, (I) 
CH4 + CO2->-2C0 + 2H2 (ID 
C,He + 2H,0-5.2 CO+5Ha (III) 
C3He+2 C0,->4CO + 3H, (IV) 

[0037] It is come out and expressed. 

[0038] Generally this fuel reforming reaction advances suitably above 700 degrees C. For this 
reason, as for the exhaust gas (5) of a combustion process, it is desirable that it is 700 degrees 
C or more, and its heat treating furnace specifically equipped with the radiant tube is desirable. It 
is because the exhaust gas temperature from a radiant tube can become a no less than 1000 
degrees C elevated temperature. 

[0039] Supply of the fuel for a reforming machine (6) can be mixed in a generated electricity fuel 
mixing means (15), and can supply the generated electricity fuel (13) which contains a steam and 
a carbon dioxide as shown in drawing 1 as fuel mixture (7) which can be reformed. An ejector, a 
circulating pump, etc. are mentioned as a generated electricity fuel mixing means (15). 
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[0040] A reforming machine (6) can use what was filled up with the catalyst for reforming for 
various fuel mixture (7) transit routes of a well-known heat exchanger which can be reformed, 
such as a countercurrent-heat-exchange machine and parallel flow heat exchange, and is not 
especially limited to them. The reforming catalyst for which the catalyst for reforming is also 
usually used can be used, and nickel system catalyst, a Pt-nickel system catalyst, a Pd-Zn 
system catalyst, a Cu-Zn system catalyst, etc. are mentioned, 

[0041] The matter stated to the combined system which combined SOFC (1) and a combustion 
process (3) in thus, the technical problem which it is going to describe above " solve by including 
a reforming machine (6) further" is solvable at once. 

[0042] That is, the heating value which the exhaust gas (5) of a combustion process has is 
effectively utilizable by leading the exhaust gas (5) of a combustion process to a reforming 
machine (6). Especially, big effectiveness is acquired when the exhaust gas (5) of a combustion 
process is an elevated temperature. 

[0043] Moreover, when the fuel mixture (7) which can be reformed was reformed, while needing 
the complicated internal reforming means or the external heat source in order to have advanced 
conventionally the steam-reforming reaction which is endothermic reaction, the external 
reforming means which is not desirable was needed by the heat dissipation loss etc. on energy 
efficiency. In this application, although the fuel mixture (7) which can be reformed is reformed 
with the reforming vessel (6) formed in the exterior of SOFC, since the exhaust gas (5) of the 
combustion process (3) which constitutes a combined system at this time is utilizable, it is not 
necessary to establish specially a means to supply heat to a reforming machine (6). Therefore, 
the configuration of SOFC (1) is made to a simple thing, and improvement in energy efficiency 
can be aimed at. 

[0044] Drawing 2 does not establish a generated electricity fuel mixing means (15). but it is the 
mode which supplies a steam (14) with the fuel for hydrocarbon system SOFC (12), and such an 
amelioration gestalt is also included in the technical range of the invention in this application. As 
a generating means of a steam (14), the mode of using the exhaust gas of recuperator (9) can be 
considered (not shown). 

[0045] Furthermore, a reforming machine (6) is effectively utilizable as a temperature up means 
at the time of starting of SOFC (1). This operation is explained with reference to drawing 3 . 
First, in order to prevent oxidization of a fuel electrode to the fuel electrode side of SOFC (1). 
the purge gas (20) which makes nitrogen and hydrogen a subject is supplied, and the oxidizer for 
SOFC (10) is supplied to the air pole side of SOFC (1). And without operating SOFC (1). a 
combustion process (3) is operated and the exhaust gas (5) of a hot combustion process is 
introduced into a reforming machine (6). Purge gas (20) is heated in a reforming machine (6), and 
the heated purge gas (20) is conveyed at the fuel electrode side of SOFC (1). When a 
combustion process (3) is a reducing atmosphere furnace, the reducing gas of a combustion 
process (3) can be shared as fuel electrode purge gas (20) of SOFC. the configuration of a 
combined system can be made simple, and facility cost can be reduced. A carburization furnace, 
a hardening furnace, etc. are mentioned as a reducing atmosphere furnace, and inert gas, such 
as helium, an argon, and nitrogen, is mentioned as a component in which the gas which generally 
contains hydrogen as reducing gas is contained in addition to hydrogen, and deals. In addition, 
when a combustion process (3) is a reducing atmosphere furnace, it is not necessary to 
necessarily consider as the configuration which carries out the temperature up of the reducing 
gas using a reforming machine (6), and other temperature up means may be used. Even if it is 
this case, the configuration of a combined system can be made simple and the effectiveness 
which reduces facility cost is acquired. 

[0046] When a combustion process (3) is not a reducing atmosphere furnace, a purge gas supply 
means should just use general means, such as a bomb in which control of flow is possible, that 
what is necessary is just to establish the purge gas supply means which makes nitrogen and 
hydrogen a subject. 

[0047] In the combined system equipped with recuperator (9), recuperator (9) is heated by the 
exhaust gas (8) of a reforming machine, and a SOFC oxidizer (10) is heated. And SOFC (1) is 
heated by even operating temperature according to hot purge gas (20) and an operation of a 
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SOFC oxidizer (10). If SOFC (1) reaches operating temperature, the gas supplied to a reforming 
machine (6) will be gradually changed into a generation-of-electrical-energy fuel (12) from purge 
gas (20), and the generation of electrical energy in SOFC (1) will be started. Thus, since a 
combustion process (5) and a reforming machine (6) are utilized and SOFC (1) can be heated, it 
is not necessary to form the special equipment for heating and the temperature up of SOFC (1), 
an equipment configuration can be made simple, and facility cost can be reduced. Moreover, 
when it uses together as Rhine where purge gas (20) passes through Rhine through which the 
fuel mixture (7) which can be fuel (12) reformed for SOFC, and a reforming finishing fuel (11) 
pass at the time of S0FC(1) starting, reduction of simple-izing of much more equipment 
configuration and facility cost can be aimed at. What is necessary is just to control the gas 
passed using a valve, in using Rhine together. 

[0048] Improvement in overall efficiency can be aimed at by forming a reforming machine (6) so 
that it may mention above, but in order to acquire still higher overall efficiency, it is desirable to 
prepare recuperator (9). As shown in drawing 1 , recuperator (9) can be prepared using the 
exhaust gas (8) of a reforming machine so that the oxidizer for SOFC (10) can be heated. 
Moreover, if a problem does not arise especially on operation of a combined system, the location 
of a reforming machine (6) and recuperator (9) may be made reverse, and recuperator (9) may be 
prepared between a combustion process (3) and a reforming machine (6). In this case, the 
oxidizer for SOFC (10) is heated by recuperator (9) using the heat of the exhaust gas (5) of a 
combustion process. And the fuel mixture (7) which can be reformed is heated with a reforming 
vessel (6) using the heat of the exhaust gas of recuperator (9). However, it can be said that its 
gestalt which will introduce the exhaust gas (8) of a reforming machine (6) into recuperator (9) if 
control of a reforming reaction is taken into consideration is more desirable since the reforming 
reaction in a reforming machine (6) advances suitably above 700 degrees C as above-mentioned. 
In addition, the following explanation is applicable similarly about the mode which recuperator (9) 
prepared between the combustion process (3) and the reforming machine (6), although the mode 
in which it comes to prepare the recuperator (9) which heats the oxidizer for SOFC (10) is 
explained using the exhaust gas (8) of a reforming machine as shown in drawing 1 for 
convenience, therefore, this application — setting — " — the exhaust gas of a combustion 
process — using — " — — the gestalt which supplies the exhaust gas (5) of a combustion 
process to a reforming machine (6) indirectly through recuperator (9) besides the gestalt which 
supplies the exhaust gas (5) of a combustion process to a direct reforming machine (6) etc. is 
also included as a concept. 

[0049] recuperator (9) — various kinds, such as a countercurrent-heat-exchange machine and 
parallel flow heat exchange, — a well-known heat exchanger can be used and it is not limited 
especially. The oxidizer for SOFC (10) heated by recuperator (9) is supplied to SOFC (1). and is 
used for a generation of electrical energy. As an oxidizer for SOFC (10), air, oxygen gas, the 
hyperoxia gas that adjusted the oxygen density by mixing of oxygen gas can be used. 
[0050] Hereafter, the amelioration gestalt of an above-mentioned combined system and its 
operating method are explained. 

[0051] It may be operated in the condition that the oxidizer flow rate for combustion processes 
and the exhaust gas (2) flow rate of SOFC which a combustion process (3) needs differ from 
each other on the occasion of operation of an actual combined system. When a service condition 
is doubled with the flow rate which one side needs at this time, the function of another side 
cannot fully be utilized but there is a possibility of inviting reduction in overall efficiency. 
Moreover, although the optimal operating point (the maximum effectiveness point) as a combined 
system is changed by change of a combustion process (3) or the service condition of SOFC (1), 
it is not desirable to change both service conditions frequently from a viewpoint of stable 
operation. 

[0052] In order to solve this problem, it is desirable to prepare Rhine (bypass line A:16) where a 
part of exhaust gas (2) of SOFC bypasses a combustion process (3) between SOFC (1) and a 
reforming machine (6). Thereby, while stable operation of a combustion process (3) is securable 
to the overage of the exhaust gas (2) of SOFC, heat supply in a reforming vessel (6) and a 
generation of electrical energy of SOFC (1) are also continuable. When preparing recuperator (9) 
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between a combustion process (3) and a reforming machine (6), it is desirable to prepare Rhine 
(bypass line A:16) where a part of exhaust gas (2) of SOFC bypasses a combustion process (3) 
between SOFC (1) and recuperator (9). 

[0053] Moreover, in order to supply the oxidizer which has not passed through SOFC (1) in a 
combustion process (3), it is desirable to prepare Rhine (bypass line B:17) which bypasses SOFC 
(1) between recuperator (9) and a combustion process (3). Thereby, lack of the oxidizer flow rate 
for combustion processes is suppliable. 

[0054] In the combined system of this invention, a means to supply low-temperature gas from 
the SOFC oxidizer discharged from recuperator (9) may be established. When such a supply 
means is established, when the oxidizer for SOFC (10) heated by recuperator (9) is more 
expensive than the oxidizer temperature which SOFC (1) needs, low-temperature gas can be 
supplied, and the temperature of the oxidizer for SOFC (10) can be lowered. It is not limited, 
especially if evil does not produce the gas of the low temperature supplied when operating SOFC 
(1), and air. oxygen, etc. are mentioned. A supply means can establish various well-known means, 
such as a blower, and also may form drawing 1 and Rhine (bypass line C) 1 8 which bypasses 
recuperator (9) as shown in 2. 

[0055] Moreover, the heating means (19) of the oxidizer for SOFC (10) may be established 
between recuperator (9) and SOFC (1). When the temperature of the oxidizer for SOFC heated 
by recuperator (9) by the temperature which SOFC (1) needs by installing a heating means (19) 
does not reach, a heating means (19) can be used and the oxidizer temperature for SOFC can be 
raised. A means to supply a fuel and to burn it in the oxidizer for SOFC as a heating means (19), 
a means to prepare and heat a heat exchanger further, etc. are mentioned. When supplying a fuel 
and burning it, the amount of oxygen supplied to SOFC (1) will decrease, but in the oxidizer for 
SOFC, the oxygen of an excessive amount usually contains to the generation of electrical 
energy, and even if it uses oxygen for the temperature up which are dozens - 1 00 degrees C of 
numbers, there is no effect in a generation of electrical energy. 

[0056] It is desirable to prepare a valve in each bypass line of SOFC (1). and to control a 
quantity of gas flow. Thereby, a quantity of gas flow is quickly controllable so that overall 
efficiency becomes max to change of the operation condition of a combustion process and 
SOFC. Specifically, the possible rose fly valve of the rate control of closing motion which 
consists of heat-resisting material, such as stainless steel, a nickel alloy, and a ceramic, etc. can 
be prepared into a bypass line. Although gas conveyance Rhine, such as a bypass line, is not 
limited to these, it is good to connect with piping which connects each equipment by the bolt 
connection and weldbonding by the flange using ingredients, such as stainless steel which gave 
fireproof lining. 

[0057] The operating method of the combined system which is applied to an operation of a 
bypass line below and is applied to this invention at a list is explained. 

[0058] Drawing 4 shows the condition that the whole quantity of the oxidizer for SOFC heated 
by recuperator (9) is used by SOFC (1), and can carry out the maximum use of the exhaust heat 
of a combustion process (3), and the whole quantity of the exhaust gas (2) of SOFC goes into a 
combustion process (3), when exhaust heat of a reforming machine (6) is collected by 
recuperator (9). This condition is defined as a full balance condition. In the case of a full balance 
condition, overall efficiency becomes the highest. 

[0059] In order to always maintain a full balance condition, there is also a method of adjusting 
the flow rate of the oxidizer for SOFC (10) according to the amount of oxidizers which a 
combustion process (3) needs, without preparing bypass-line A (16) and bypass-line B (17), and 
adjusting SOFC electric generating power according to the flow rate and temperature of the 
oxidizer for SOFC (10). In this case, the flow rate of the oxidizer for SOFC (10) is adjusted so 
that the exhaust gas (2) of SOFC may become the amount of oxidizers and tales doses which a 
combustion process (3) needs, and it opts for the electric generating power which can maintain 
the temperature to which SOFC (1) can operate according to the temperature of the oxidizer for 
SOFC (10) discharged from recuperator (9). When operating SOFC (1) and a combustion process 
(3) on the actuation conditions of the fixed range, bypass-line A (16) and bypassHine B (17) 
cannot be prepared, but can also acquire high overall efficiency. Therefore, when not 
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preparing a bypass line etc., equipment cost can be held down as compared with the case where 
it prepares. 

[0060] However, when employing SOFC (1) and a combustion process (3) in an independent plan 
respectively, a full balance condition cannot be maintained. In this case, using bypass-line A (16), 
bypassHine B (17). a bypass line C (18), and a heating means (19), it is controllable so that the 
highest overall efficiency is acquired. 

[0061] For example, when there are few oxidizer flow rates which a combustion process (3) 
needs than the oxidizer flow rate which SOFC (1) needs, the balance of the oxidizer flow rate 
which SOFC (1) needs, and the oxidizer flow rate which a combustion process (3) needs can be 
maintained by utilizing bypassHine A (16), as shown in drawing 5 . In this case, the part which is 
not conveyed by the combustion process (3) among the exhaust gas (2) of SOFC is conveyed by 
bypass-line A (16) at a reforming machine (6), and the sensible heat which the exhaust gas (2) of 
SOFC has is utilized effectively. Thereby, the overall-efficiency fall of a combined system can be 
controlled. 

[0062] There may be more oxidizer flow rates which a combustion process (3) needs on the 
other hand from the oxidizer flow rate which SOFC (1) needs. In this case, the insufficiency of 
the oxidizer flow rate which a combustion process (3) needs is suppliable by utilizing bypassHine 
B (17), as shown in drawing 6 . 

[0063] Moreover, when the temperature of the oxidizer for SOFC (10) heated by recuperator (9) 
does not reach the temperature which SOFC (1) needs, with a heating means (19), the oxidizer 
for SOFC (10) can be heated and the temperature of the oxidizer for SOFC (10) can be raised 
( drawing 7 ). On the contrary, when the temperature of the oxidizing agent for SOFC (10) 
heated by recuperator (9) is higher than the temperature which SOFC (1) needs, the 
temperature of the oxidizing agent for SOFC (10) can be lowered by using a bypass line C (18) 
( drawing 8 ). Low^emperature air and oxygen may be supplied by a blower etc. instead of 
[ oxidizer / for SOFC / after recuperator (9) passage / (10) ] a bypass line C (18). 
[0064] In addition, in operation of the combined system concerning this invention, bypassHine A- 
C, a heating means, etc. which were mentioned above are freely combinable. 
[0065] Moreover, as the control approach of bypass-line A (16) and bypass-line B (17), the 
required amount of oxidizing agents is computed from the operation command to a combustion 
process (3) and SOFC (1). and the method of giving directions to the valve prepared in bypass- 
line A (16) and bypassHine B (17) based on this is mentioned. The method of giving directions to 
a bypass line C (18) and a heating means (19) so that the temperature of the oxidizing agent for 
SOFC (10) may turn into temperature which SOFC (1) needs based on the information acquired 
from the thermo sensor formed near the SOFC side outlet of recuperator (9) as the control 
approach of a bypass line C (18) and a heating means (19) is mentioned. 
[0066] 

[Example] The energy balance of the combined system at the time of using the radiant tube of a 
steel plate heat treating furnace as a combustion process is shown as compared with the energy 
balance in a radiant tube simple substance, and the energy balance in a SOFC simple substance. 
[0067] The energy balance when setting a fuel required for the <combined system of example 
1:SOFC and a radiant tube> SOFC and a radiant tube combined system to 100 is shown in 
drawing 9 . Town gas was used as a fuel for SOFC. Thermal efficiency is following type (1): 
[0068]. 
[Equation 1] 

[0069] It was alike and the definition was given more. The thermal efficiency about a radiant tube 
was 75%. and the thermal efficiency about SOFC was 47%. Moreover, the thermal efficiency of 
the whole combined system was 79%. 

[0070] The energy balance in the radiant tube simple substance at the time of setting heat 
output in a <example of comparison 1:radiant tube simple substance> radiant tube to 70 is shown 
in drawing 10 . Heat recovery effectiveness of recuperator is made the same as a combined 
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system for the comparison. When thermal efficiency was searched for according to the above- 
mentioned formula (1). the thermal efficiency of a radiant tube was 75%. 

[0071] The energy balance in the SOFC simple substance at the time of setting the amount of 
<example of comparison 2:S0FC simple substance> SOFC generations of electrical energy to 9 
is shown in drawing 1 1 . Town gas was used for the fuel for SOFC for the comparison, and 
energy balance was computed about the case where the heat energy of the exhaust gas of 
SOFC performs fuel reforming. When thermal efficiency was searched for according to the 
above-mentioned formula (1), the thermal efficiency of SOFC was 47%. 
[0072] As shown in an example and the example of a comparison, it was shown that the 
effectiveness of the combined system concerning this invention of an example is very excellent. 
[0073] 

[Effect of the Invention] In the combined system of this application, the exhaust gas which 
occurs with supply of SOFC is supplied to a combustion process as an oxidizer for combustion 
processes. At this time, the exhaust gas of SOFC can utilize very much the property that an 
oxygen density is 15 - 18% at an elevated temperature, with 800-1000 degrees C, and can 
acquire effectiveness, such as improvement in overall efficiency, reduction of facility cost, and 
simple-izing of equipment. 

[0074] Improvement in overall efficiency can be aimed at by forming the reforming machine 
which can use the heating value in which the exhaust gas of a combustion process has a 
reforming machine in addition to the above-mentioned effectiveness. Moreover, since the 
reforming finishing fuel by which reforming was carried out with the reforming vessel can use it 
as a fuel for a generation of electrical energy of a solid acid ghost form fuel cell, it becomes 
unnecessary to equip the interior of a SOFC body with a reforming machine, and structure of 
SOFC can be made simple. Furthermore, a reforming machine is effectively utilizable as a 
temperature up means at the time of starting of SOFC. 

[0075] About operation of the combined system concerning the invention in this application, 
efficient operation can be attained by adjusting the oxidizer flow rate and electric generating 
power of SOFC according to the oxidizer flow rate which a combustion process needs. Moreover, 
by forming a bypass line and a heating means in a combined system, the temperature of the 
oxidizer for SOFC and the oxidizer for combustion processes, a flow rate, and an oxygen density 
can be adjusted flexibly, and even if it is the case where the operating condition of SOFC or a 
combustion process changes, stable operation can be attained, furthermore, by starting only a 
combustion process first at the time of combined system starting, since recuperator the case 
where it has recuperator — is also heated and a reforming machine can carry out the 
temperature up of the SOFC even to operating temperature, the exclusive heating apparatus for 
SOFC starting becomes unnecessary, and reduction of simple-izing of equipment and facility 
cost can be aimed at. 

[0076] Moreover, when a combustion process is a reducing atmosphere furnace, it can use in 
common as fuel electrode side purge gas which uses the reducing gas of a reducing atmosphere 
furnace at the time of SOFC starting, and the need of installing the exclusive purge gas supply 
means for SOFC starting can lose. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the mimetic diagram of 1 operation gestalt of the combined system which 
consists of SOFC, a combustion process, a reforming machine, and recuperator. 
[Drawing 2] It is the same combined system as drawing 1 , and is the mimetic diagram of 1 
operation gestalt of the combined system in the case of supplying a steam required for fuel 
reforming by different method. 

[Drawing 3] It is drawing showing the condition at the time of combined system starting. 
[Drawing 4] It is drawing showing the combined system in a full balance condition. 
[Drawing 5] It is drawing showing the combined system in the condition of having used the 
bypass line A. 

[Drawing 6] It is drawing showing the combined system in the condition of having used the 
bypass line B. 

[Drawing 7] It is drawing showing the combined system in the condition of heating the air for 
SOFC using a heating means. 

[Drawing 8] It is drawing showing the combined system in the condition of having used the 
bypass line C. 

[Drawing 9] It is drawing showing the energy balance at the time of compounding SOFC and the 
radiant tube concerning this invention. 

[Drawing 10] It is drawing showing the energy balance in a radiant tube simple substance. 
[Drawing 11] It is drawing showing the energy balance in a SOFC simple substance. 
[Description of Notations] 

1 Solid Acid Ghost Form Fuel Cell (SOFC) 

2 Exhaust Gas of SOFC 

3 Industrial Process Using Combustion (Combustion Process) 

4 Fuel-Supply Means for Combustion Processes 

5 Exhaust Gas of Combustion Process 

6 Reforming Machine 

7 Fuel Mixture Which Can be Reformed 

8 Exhaust Gas of Reforming Machine 

9 Recuperator 

10 Oxidizer for SOFC 

1 1 Reforming Finishing Fuel 

12 Fuel for Hydrocarbon System SOFC 

1 3 Generated Electricity Fuel 

14 Steam 

1 5 Generated Electricity Fuel Mixing Means 

1 6 Bypass Line A 

1 7 Bypass Line B 

18 Bypass Line C 

1 9 Heating Means 

20 Purge Gas 
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M IB ^ ^^jffl -r -5 sm :7* n -fe X <0i!^^^ tr^mi mm 

20 'E>^^:/p-fexicDr3>^s^> Ke>X7^ACDa^::&ffio 

1 2 ] @»gi{bJ^ff5j^*4m?ifeC)Sf:^'XX>ij^j^ 
^3pJfflT^^:/P-feXfflK{bi!5i3nT/cCO. mriB«S 

mmvf 6 «c 0 . S5riB?&Hg<Dgf ;^'x r HuiB@($^ 
{b!K50jgSf^fs?tfeflaM{b^j^»n^T^ m^:x-^u--^;oi^ 
6 nr )tc 0 . m^mimimimimmM t HuiaKsg 

30 Bifia*K«8**»JfflT^Sm:7-aH2X(DPatc|JfBH(*K{b«B5 

MiB®<*^{b^ffJj^*4®fe4c5<iD^mfBj^J^**fJffl'r-5jil 
a:7'n*t2X<Di£:^Si-rSK{b»JiSE«^cfc;ox. t5fe«8«g 

tmimitmmuwk^ w >• x -r 4 ^ >f > ^sijfa-r -5 

C i€:«F8i<b-r4@»»fb«e5ff5«SmHfe<b«S«8^5pJffl-r 

40 [iS^ 1 3 } HttKfbi^«S*4«?fe(J[>St^X3&5jK«8 
«:*«Jffl-r4^:/n-fexfflK{bSJJ<h$nT/cC0. mFIBj^ 
4 n -fe X (Dgf X ffl 0 i T BJiBHf*^ 

{b!aj^«SI4®te(Ojfemffl*8<sj;feinil»*5<fcc>'K®^ S5S:e 
W6tir&o. mrfeu+*^U'-:$fiBfriB@ttK{bi^0 

BuiB@f»^{bj^^j|£l4^rfe^m<b9aJ: OffiSQ^x^^ 
tet- ^ /c«H5iB@(*K{ b^?gj^m?feffi®^ bSiJ* 



3 

®fiS:ei6$-ifrK:wriailS«g*iPJffl-r.5ffilil::^aH2;^<D 

li c <>: <!: -r ^ @(i:^{i:^^j8Sf4ii^ ^ mM^m 
^nm-ri>mm-:f^'z^mmmtitixtj::i>mwmt 

[0 00 1] 
[0 00 2] 

Cei!£*©«^f5] B»K^b«JJKM*sf^?lfe (Solid O 
xide Fuel Cell: WF r S O F C j <t 4> 

leis) (3:. mmmt ux-^ v h uT^^{bs^;u3-T)^c 
*tj 1 0 0 0 •crttf'p-r 

[00031 SOFC«. <DfSm:^*Jj:OliS^m55!J^© 
^*ioIfi6. OtmiJ^^LX^^I,cUajL-m.it^<D 
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[0004] att^iCfcor :t.^jv=^'^(omnmm(c 

[0005] 

Ke^>;f"A?r|ietJCCia^L//c (!|#iS2 0 0 1 -4728 
5^) o S[=I>^^V> SOFCCDSf:^/;^ 

OFC<OSr*fXCr>«i>l:Wia*Jffl'r^C<tiCj:or. ite^ 

C^-So SOFC<h^J^:7*n-feXi(D>'N'^>XCD 
ttlfc^^ojmcri>fcli>. iy^cz^^U-^. SOF 

C * /c«j|ISjK:/a -fe X W X -r S ^ ^ K 

ajf^ss^. tsoFctomc^ sof 

[0 00 6] ±idO:3>y^V>FVX7^A«. SOFC 

j^,*mU4L/A:o cneKlot^r. «Tia|gT'&o 
[ 0 0 0 7 ] m 1 j^J^:/n'feX<Dgf;^'>^OW'r 

;^<D}#'0|^fi^ SOF Cffl^(DMcD/cS!>CC|5IiRUr 

[0 00 8 ] ||2,#.a(i. SOFCffl*!^©3cM«:M*r 

«7 0 0-CtU:'CW3atcii?fL.. */c. ®f»Sl£r*'2> 
50 /ci«). :^iCj^urj»5:ilglMCcetif&-r-5d2*S;0i*So l» 



4 



1 t 



1 



(4) 

5 

'J^^i)^^i>, hiJ'httifih. F*3gi5?JcS?rif ^/cA«C». 
SOFCF«9gPK:5S(SMiS*ffiST6£<g*J*0. SOF 

[0009] |g3*S«. SOFC©ei6<DA:«><Ds9t« 
«CHTS«>0-C*^>. SOFC*|as|,$-Ji^/c«tiK:B. 10 

iKji ooo'ciiio/ciisacof'Ps&iaKi-csoFc*^ 

[0010] :$^Bj«j;fg^cc^^;a:3n/cfc©T* 

0. ^mm-:fu-^-^<ovi^ij%.<Dmmm\ . rsoFc 

;Wtj *ipJte^c. fiin/cii®^**«^.s s o F c i ii^ 

[0 0 1 1 ] Sg^CC^fL/rSHitCjfcf 
[00 12] 

[sss4»^-r-2)/c«6©^e] *^Hj«. soFc©gf 

*'::^*i«K«S:7'P •b;;^fflmgUi 3 Ji* S O F C i*K 

j^^j&itissE^-a-bxfflK^tsiji sn-r^c^ S O F C ijtSSI 
i;«:j:->r. soFC*t^a-;u©i/>7'^Hb*i@ns 

[0013] mm\%. ^mAmi&im'^mo^iiT. 4o 
[0014] m^i^n.m^(om-»:^-cm%zm{^mmB^. 
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[0015] B5lsaftSE{b!85Jgj|^m?fei wfte^Jcsst 

©rate. Biiia*KjK4ipJffl^^«*-7'cn2>^*/<-</<xr 
[0016] mm\y=>r:^^i'--^t.mtmM^mmt^ 

[0017] WfBU + ^-^U-f <!:B«ia@(*K{b!B5jg«S 

i»«r6<t ©fflfcim u + a u - *3J> p)gtffi 3 4 h5IB 

H{*K{biB5JBjiiKif4m?tkfflM{bSiJJ: Ofia©;y;^*tt*&-r 

[0018] HifiBfiia©**x:S:«J&-r'5^©». BulBU 

[0019] mrisu+a'<u-tj!<!:B<rta@<*S{b^jf5M 

[0020] B5iaj!ii^*fiJffi-r.S^7-nH2;^(±JjiB^ 

[002 1] mim^'kmm-r?>mmyo-izMt^iy7 
[0022] meEMmi:mmf^mM-faiz:^i!>m7uw 

B5sBH«E®!{fciBjJ^*8««?lfe©j^fflM.'<-i;>;</xi 

[0023] itc^^mmit, m{^mitmmn^^<Dm 
B?iB@(*^{b!ajfjj^i4®6ffl^^ bsj^rjn^^-r s u- + * 

^jsccicor:. nf§BSti®<b!^^j^«^©^^tS>MS 

^»K{b»miWm?lfefflMb?fiJSSSfcJ:yf 
3g[(c{c:t;-c. Sf4:^{b^^m^^©«imm;^7<&PSI 

•rS C i*!^i^S@ftKibiB5J^*eSm?l6<»:«K«*fiJ 
ffl-r^^*2''aH2X<b©:3>-'<-^ > Ki^X7^A©aK:3^ 

[0024] *fc*^H^«. @{*Kat)ffJMi^Srtfe©gf 

BtriBS^K^ bi|«}fl5«*?4®fe©^mffl*Rif4*a?^*s <»: Xfitt. 
8?iB®{*K<b!B}Jgj^l4®fiffl®!fbS'J*M^ u+ a --t 

u - f <b B^sBiB^«*fjfli-r -SiS^T- n i2 ©ffltcfria 
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c 0 0 2 5 ] */c*^?g«, mwmmmm^nmom 

jSmmJib i 18Sg§*fiJffl-r n -fe i O a > y > 

i-r-ssjfbmscciSD-c. mrfe<£?a(D;</x<£r««&-r.s 
[0026] itic^^mkt. mmsi^t'imimmmom 
m-r ^ ^mm^m-f e tx-c o > H-rtaKKgwif x -c 

[002 7] 3 :^mMimimitmmnm&<o 

Ki';^f-A-CS)o-C. S?fB*R«!E?rf<Jffl 



(5) 2003-59521 

8 

[0028] 

(0029]iaitt. SOFC (1) ©St//;^ ( 2 ) 

D\ (4) t5!±K:ji^7-a-fe^ (3) mm.\mtv 
xm^^u^x (3) (c^Asnrnco. »*isgs:?'pH2 

;^ (3) ©SF^;^ (5) *iSOFC©^Sffl«S^ (l 

10 2) *JB]5S*jJ:afecM-r-5ej(SS (6) tcffli^^n. 

C>r5mS ( 6 ) (OmU^ifiS O F CfflKYbSO (10) 
4ttII^-r^fc«)«:U+*'>:U-:Jf (9) 

*B5l%?B©-*6iJgSg©^Sta-c*.&. 

[0 03 0] n>-'<-Y>Ki^:^^ACC*jl,>r«. SOF 

c (1 ) ccsoFcffl^fb^j (10) axu^nm^m 

$4(11) ^m*i?ft»n.S. :*:^l«{cffiffl 

S O F C©d' -f :?'««FK:Rg5£3 n-5 fc©-C/j: < . 

RfU^SOFC, ^ffi^SOFC^Ci'SSSOFC?;^ 

20 si»?-c*^). s OF cffiMib^j (10) isxu^mm^ 

jt^*4 (I 1 ) ©«*S7"D-b;^«:-3(,>t:«MjS-r6. 
[003 1 ] 3)s:8H© 3 KS^;^7^A{cfcl,>r«. 
S0FC©Sii&«:f*t.i^iT.5gF:*/;^ (2) *s. j^T" 
u^y^fmimt{^X^-:fu-b:A (3) tc^Sti 

SOFC (1) \fmsLxm'^fi>ct^wB.fr^ 

SOFC©gF:</;^ (2) *>800-l 
0 0 0 -Ci^N^KilSfi-C. KJgjSeW 15^18 %X3b 
C©/c». iSS©^{b^J*i^*&3n2>C<!:*lSf*L 
t>jgSM:7'ciH2XfflK{bSiJiLt:SOFC©gF:tf>^ (2) 

30 ^^Ifib/rcti^. «S^^SSIj^^^<b urfi^^-c 

*. U^n^<D\^±.l<cn^ifi»)i,, 3e>«:, SOFC© 

Sf:*/;^ (2) {isoFc (1) xmm$titjii}*r,tcmu 

«^*^^r*^»). «SM:7'o-fe;^ (3) {ctet^rj^^M 

m'^^*)nhni>n3kic':>[.^xm^K.wm-ri>, 

[0032] *8«S«:«— 5£fi©KSRflt*&*i'i5'i|-C*9 . 

L. . 8 0 0 -Cfeti-C «ig^^STr Djtg-C $> 

-:>. ^K-fbiKS (NOx) <D^^^^-ri>CthX^ 
SOFC©P;«/;^». ij^L/fcJc^KSOO-l 0 
0 0-C, M^Sl 5~1 8»a%i> 

[0 03 3] BP^, SOFC©gF;</X (2) *i^gi7-D 

50 •b:^mMi\J?ii.Lxm(.^tcm^lt. SOFC<dSW:^ 
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(2) (om-r^mE^mni'Cismox. m^im[^±^ 
[0 0 34] j^M^a-fex (3) mm^^mri>i> 
m^. mm^. j^v-^. ^t^ip. ^m^. it^^it^rj: 

^ijmirf^tl^. iS/c. SOFC (2) <b«SSg:/Ci-fe;^ 

(3) ti)^-WitUfc^mW^-i'-ti:^(DmmBmt 

ur fed: < . mBmi>:^^m(Dmmmmmic^^ti^ 

(Dr*-5o «»JgS:/P-fe;3^ffljK»«*&#S (4) tcji^r 
i^:/p-b;^ (3) (^m^^ti^imtLX^t. mm. 10 

R&^5n^4><Dr^3:3^j:C^ *^^>^a-fe>^ (3) <om^U 

[0 0 3 5] jBSJ^:7-D-fex (3) ^^fbmm^ti^himy' 

u-^::^<Dmtfx (5) (6) (fcmm^ti. ^ 

mm^ti^. ^ms (6) i^^if^^w\t. ^mnm^ 
mi^^x^it7i<immsoF am (12) ^THMM^n^ 

L/r^tfftW?^^j^5f4 (11) 7&^SOFC (1) ^#t^ 

^flai>/cti^6cocirfisi^-r'S<b. tibs ( i ) 30 

(IV) : 
[0036] 
[ill] 

CH4 + HaO-*CO + 3Ha (I) 
CH4 + C0a-*2 C0 + 2Ha (II) 
CaHe + 2H,0-»2 CO + 5Ha (III) 
C,He + 2C0,->4CO + 3Ha (IV) 

[0037] xm^ti^o 

[0038] C <D«Sf4«HSJS«--jKft^tC« 7 0 0 'CW 40 
±Xttm(cmnri>o CCDfctb. j^>'-CH2XCDgf;^X 
(5) «7 00-Cfel±r^^C<f:;&5}?^L<. Mtm^^- 

t^T > h ^ - 6 mw:^umt 1 0 0 0 "c ^>c^)ii^ 
[0039] ( 6 ) -NC[)«sm)m*&«. m 1 tc^ 

T^^^*^^. r:^{fc^m^^tf^®^^«Kf4 (1 

3) ^^mm^amm^^m (15) (c*5c*rs^L. 

^m-^mmmm^ (7) tox^j^r^ct^^x^ 

So ^miS^j^iNkg^^K ( 1 5 ) i or »x-t2 >7 ^ 50 
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[0 040] ecss ( 6 ) fSlSS^^g. SEiS^^ 

(7) mmf^(fC^mmmm^^mLtci><D^m\.^i>c 

m. Pi-Nimn^m. Pd-ZnJkmm. Cu-Zn 

[0 04 1 ] ccDcfc^tcsoFC ( 1 ) tmmy'o-^:^ 

(3) <?:^ffl-^^^t>*tt/cri>>'>V> K^Xf-AtC. 
S (6) €:36CcS*'&SC<bCCj:or, ±iB rfl?SiL/ 

[0 04 2] in%. j8S«E:/n-fe;^cr)9f;0'X (5) 
S (6) tc«< C<b^J;or. M^:7-a'ir;^<Dp;^7X 

(5) owr-sj^^wJssft&cffi^T-scih^&ir^-So !Rf 

[0 04 3] «SpIfig)^*4il^ (7) 

soFc<ms»(icm^f^nfc^ms (6) ccj:^ 

r?^S«Jtgj^*4il^!g? (7) ^5^S-r€>7&5^ CCDi^:^ 
>/^'>r> K^'X'rA*«fiK'r'2>j^«s7"a-fe;^ (3)cr)gf 
(5) «:Sfflr*-&fca6, ®SS (6) 

'rs#©^!^mS:^:f-5i£:«3&^?:fi^o SfoT. SOFC 

[0044] S2«. ^mSr^^KSI^^g^^S (15)^ 

wt»ir. imm. (14) *^{b*^so f cffl«s»4 
(12) tn^^j^r^mmx;^^. c(Dx^t^^m^ 
mh:^mmm<oi[mmwm^c^t.ti^h(Dx$>^. im. 

a ( 1 4) U+A-^U-d?(9) 

r) , 

[0045] 5 SOFC ( 1 ) (D^mn<om^^ 
Witi^x^n^ (6) ^w^ft^rsffl-c^s. c<D{m^ 

oCir03«r#HSl/'ritt?8fSo *-r, SOFC (1) 
*4i^*^•rS>'^•-5^X/;3; (20) SOFC 

( 1 ) <D^mmm^\x s o Fcmmm (i 0 ) 
•ri)o ^ur. SOFC (1) ^f^^i^rcc. mmy 

P-feX (3) CD^^f^a&3-&. ScSS (6) CCHSCOjjS 

(5) ^^A-T'S^o (2 

0) (6) cc*jc>Tj3n^,$n, Jrai^^ti/c/N*- 

i;^;«7X (2 0) ;&sSOFC (1) <Djll8*4@ffi»JCc«2S3n 

So j^T^n-fex (3) t^m7tnm^'^x^^m'^\x. 

iim.^xx^^,7s (3) CDii7u^x4SOFC<D<SI4ffi^^'- 
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lyiiT. (2 0) LhX^mt h^L t.t'^Xi . n>y^V> 

i^J^::^D-feX (3) j^^ilTc^SM^r^-Sii^K: 

(6) ^fflc^rSTci^x^^s-r-s 

[0046] jKSj^:;^a-fex (3 ) ;&^il7c#H^r?^j:C> 

[0047] U^:x-xU-:$? (9) *e;lifcr3>/^V> 

(9) 4>»nssi3ti. sovomam (i 

0) :?^J)n«l3nSo ^Ur. ]ifScD^A--i^:^;< (2 0) 
^SOFC^IbgiJ (10) CDf^ffl^C<:fcor SOFC 

( 1 ) ?&5ft«RaS(c*riin«^3ti-5« soFc {\) ifi 
vmum.^cmiytch . scm^ (6) 

>'^•--i^;e/x (2 0) *^6^mMI4 (12) --^iSt^tc^M 
SOFC (I) {C*5&:fS3%m*raJ&'rSo C©J:^ 
^jK^:7-cH2::< (5) ^Ximm^ (6) ^rSfflUTS 

OFc ( 1 ) *»nf^r^s/cd?). SOFC ii) <omm 

SOFC ( 1 ) je«|B$tC. SOFCffljBSPf 

(12). ^w^mmMm^ ( 7 ) io^^^mxmm 

14 (1 1 ) tm^r^'y^^^J^-i^tj:;^ (2 0) 

[0 04 8] ±ait-^<fc^^C. ScMS (6) i:m^^>C 
^^^f#^i^ci?)^«U=^^^U-^ (9) ^m^^ct 

*^jf*Lc^. (9)«. laicc^-rj:^ 

tcacSS<Dgf*f>^ (8) «:flaiir. SOFCfflK{W»J 

(10) ^im^^ctf)^x^i>^^(tcm^^ctt^x 

^c^cctnt^f. ^ms (6) iu=^^-iu--5f (9) i 

(3) iScgS (6) <b<Dratci3:t:fTfc<i:c^o C(D« 

ji^:/n-tr;:^cDgp:^;:^ (5) CD^Sl^ffllir. l^^^ 
(9) rSOFCfflK^bSFJ (10) :«>5»n?Si3tX 

^. *L/t:. u+^^u-:Sj (9) (DnW:^(omt^m^> 

X. ( 6 ) x^m^mmmu^^ ( 7 ) i^mmt^ 
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tiSc fctcU. 55«S (6) tC*jt:t-SKMSi£;«i:^© 

iio 7 0 0 'm^xHrn^rcmtir 6c tt^f^. ^mfxf& 
(Dmmi:m&ri>t^ms (6) <DSitf:;< (8) 

i>o rj::h. inrco^miit. ^iLhaitc^-rj:^«:&g 

m<onW:^ (8) «:fl3C^r. SOFCfflK^bSfJJ (10) 

tcHOrifiHjT-S*^. u+^-<u-i> (9) ii)^mm:fu 

•fe;^ (3) t^nm (6) t(DmifCSLmcwmfx:-:>[,>x 

(5) (6) l^cmi^r ^Bmo) 

fife, u^^-^^u--^ (9) rj:^iiinoxrsmm(^c^:/ 

\2^:^(Dmtf:^ (5) 4:S(SS (6) (fcmi^r^mmh 

m^tLX^^ti^i^CDX^^^ 

[0 04 9] U^^-^U-^ (9) r^ifei^^g. 

(9) xmm^tifcsoFcmmim no) «sof 
20 c (1) (fcm^i^ti. ^m^cfijflasn^o sofc^k 

im no) t LT«. mMii:^. mMij:^(OU 

[0050] JiUT, ±i^<D=i>>'NV> Fi^X7*A®a^ 
[0 05 1] ^^(DrJ>>'>V> Ki^X-rAO^^tc^U 

mitmmAtsoF c<Dm'^:^ (2) sgs<h7!?5^?^j:^<^ 

^/c. i^7'P-feX (3) SS/cttSOFC (DO 

cossa^,"^, (^?si^.^.) :fy^^m'r^^^. ss^od 
[0 0 5 2] c<or^m^m^r^fcib(>c\t. sofc 

(1) <i:5fc®g(6) iCDHtC. SOFC<Dgf:^>^ 

(2) (OS^fimMy'^-^:^ (3) ^>'^v>'^•;^t-^^-f 

40 > (/^*-//^•X^>f >A : 1 6) «:St:tSC <lb3{>5S?$ U 
C^o CntCj:«9, SOFCCDgp:</X (2) (D3a«J«l&tC 
MO. mmy^u-^x (3) O^^ai^^filSr^Si*!: 
*>CC. KKg (6) -^©«|«|&*jJ:i>*SOFC (1) © 

^mfeSliKr^'So U + (9) :$rjij^:/n-fe 

(3) igfess (6) t(Dm(^m^ ^m^(^fit. so 

FC (1) tU=¥cL^\y--it (9) <fc(DraCC. SOFC 
(2) O—m-^mMy'Xii^y^. (3) ^>'W>'^•X 
•r^^^> (^^•-r-'^•X^^>A : 1 6) 4g8:C:r'5C<i:?!>5 

50 [0 05 3] Jtft. «8«£:/a'fe;^ (3) tCSOFC 
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( 1 ) «Mrc^*i^K<fcSfl*«*&T€»/ci?)ec. u+^-< 

U-^ (9) trnmy^'^:^ (3) t(Dr^(rC. SOFC 
{ 1 ) €:^^•-<v^•;^-r-S^-<> (^^•-^>'^*;^^-^>B : 1 

[0054] ^^m(Oz3:yj<^ > K*x;^7'ACCfcl»T 

5*. U+^-^U-t^ (9) 35?:»6gPm^n^SOFCg^{t 

^^^mt&^m^mifcm^. (9) r 

ttll^^n/cSOFCffl^fb^ (1 0) ^^SOFC (1) 

e^j&u. soFCfflKfb^j (1 0) (Dag^&w^«;&^ 
«t&3n-&fiia(D:^'x»soFc (i) ^f^afi 

[0055] S/c, (9) iSOFC 

(i)icoH«:. soFCffl^{b^J ( 1 0) co»n^S 

(19) ^m^^^:^^K mm^Wi ( 1 9) *s:a'r'2) 

CiCCjcD. SOFC (1 ) *5ii^Si^^SeccU+:x 

(9) rjpf^^ti/csoFCffl^^t^jcDtaejo^ 

ilL)5:l^iS^(c. ftlSa^e (1 9)^ffll^rSOFCffl 

mmmm:iM^<:-t,t(^n^^. ( i 9) <t 

(1) «:«it&an^g?^SJ55ia^T-2>c<hK:&^:f&5. ii 

ss o F cffl»{fcsijtc«^mtc*f ur3ia*JS<DKiR*^^ 

[0056] SOFC (1) <D^)^^ ^^T.'y Aly^Un 

0. jBSJiE:^P^2;^<bSOFCi<C>^tfcffiCD^^b^ 
r»^^^^^=5g:^cc -5 J: ^ :^'xSSM^3fiiiCc $9® -r 
-5Ci*5-C#-2>o Xf^>U;:^. :=.-yi5r;b^ 

[0 0 5 7 ] J£(TCC. M'-r>'^•X^-r>cD^^ffl, aEO'CC^ 

[0 05 8 ] ia4(i. «»S (6) <DgBa^U=^^:x-<U 
(9) miRbfci*. U+:x^U-^ (9) rJU 
«i^n/cSOFCffl^{b3PJcO±S3&^SOFC ( 1 ) rffl 
l^6n. jK«i::^n-feX (3) a)SPjftS:S;^SSWfflr#. 



(8) 1tl§20 03-5 9 52 1 

14 

(3) tcA€>t^^^^ro C(DiKm^%±^^^>:^i)tm 

[005 9] ^JC^^^A'^ >;J^t^,@,?:fi^o/ci?){-C«, 
-Yys;:<^-<>A (16) •^-'N'-f />:X5W^>B (1 7) 
^t:tr{C. j^v^'P-tr;:^ (3) ^mit^MdC 

^t^axsoFcmmmi (i o) ©isji^ijiso. ^ 

CDSOFC«K{b»J (10) (DffiS*5ctCXae«:^t># 

10 rsoFC^^m;':7^^*r^:tr&4>&^o com^. 

SOFCCDgp;?/;^ (2) *5«S«E:^o-fe;^ (3) (Ot^t 

r^mitmmtmm(^rj:^^^soFcmmimi (i 

0) CDfiSa^riaSL/. U+:x^U-^ (9) 7&^e)gftB5 

ti-5SOFCfflKfb»J ( 1 0) <DiaS«:i£;D-c. sof 

c (1) mm^mrj:^^mi^x:^^m^m:h^^^ 

-r-So SOFC (1 ) 4oJ:0'«S^:7-n-fe;^ (3) ^-S 

(16) ■^>'^V>^^•X^>C>B (17) ^g:C:fr<h t^ill^ 

20 ^^^^:fAj:iia^(c«. S:t:r'2)iS^itb$5UT^g:3;^ 
[0 06 0] SOFC (1) *jJ:a^«S«E:/P-fe 

X (3) >^^^Ste5:cDifiiira^T^ii^^«. ^^^n' 
;^^^>A (16) . >^>*^>'>-;:^^^>B (17) . 

^>-x^^>c (18). mm^Wi (19) ^ffloT. s 

{0 0^ \]m^\t. SOFC {I) t^dL^ntr^m\t 
mm&^nm^:fu^7. (3) t^^smt-n^mit^mm 

>A (16) ^f£ffl"r'2>C<btCcl:0. SOFC ( 1 ) 

ujj^iT-sK^bSJJsaaij^^-p-bx (3) ifiiSm^-r 

SOFCCDgp:^;^ (2) %i8«l>^P-feX (3) 

«:JftSSn*Cigp^». ^^V>'>*x^>r>A ( 1 6) ccj: 

-oT^S^ (6) CCja^^n. SOFCOgf;^fX (2) 
[0 06 2]-:^. SOFC ( 1 ) 3^>^£^<5:t"^^{bS»J 

40 ij6S<tOj^«S7-p-i2;^ (3) 30iiiJ^Si-r^ffi{b»JiS«<D 
-YA;^'7-r>B (1 7) *ffifflr^>C<h^<tD. 

p-fe;^ (3) ifiji!mtnmmm&(o:^&^im^c 

[0 06 3] U + zx-^U-:S? (9) Xtm^tlfc 

soFcmwi\m ( i o) odss*ssofc ( i ) f)^»SL^ 

Si*r^SStc^U^j:c^it^«. tsm^WL ( 1 9) tcj: 
oTSOFCfflKibSO (1 0) *»ni»L/. SOFCfflK 
^bSO (1 0) <D^^±,Vf^Cti)^X^:i> mi) o il^ 
50 (9) TJn^ft^n/cSOFCfflKffc 
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»J ( 1 0 ) (Om&ti^. SOFC { 1 ) f)iSSt^i>MR 
J:Om^^^«. >'W/^•;^^^^>C (18) imi^^^C 

t(^j:K>soFcmmitm ( i o) cDsa^Ttf €»ci 

(08) o ^^V^^•X^>r>C (18) ©fttoO 

K::/n9^K:J:0 u+^-<u-^ (9) MMf^cDSOF 

cfliK^tiffj (10) ^^i^im(o^^mm^mi^Lx 

[0 06 5] $/c, ^>V^^':^^-<>A (16) 4dJ:C/y^* 

-(^^:^^-t>B (17) <o$(Bap:&3£c!:L/r». «8«g:/a 
(3) :te<fcc/SOFC (1) ^Jt-r^^^g^;^^^ 

A ( 1 6 ) fcJ:^>v^'>r>^^•x^^>B (17) cc^t:r6n 

C ( 1 8 ) tmf^m (19) (D$(l®>?rffi<b LX^t. U 
+ (9) cDSOFCffljaiPifi^tc^C:f 6ti/c* 
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*afl['b>1^-/p6f#e>ti-6tfffi«:»-:5*. SOFCffl 

itm (10) cd^msj&^sofc ( I ) (Dsmt-r^u 

^c;Q:^<fc'5>^W>'^•x^-<>C (l 8) •?>jtttifSi^S (1 

[0066] 

10 ::<tlb^Oxm^. 

[006 7] <mmmi : SOFCi^>^T>h^^- 
:/^(Da>>'^V > KS^::^f*A> SOFC fyZ^r^ h ^ 
^^:/:3>>'W>K^>;^'rACCii:^g&jS^* 1 OOiO 
/tBS(DXJ^;^+•-^^•^>;^3&®9«:7K•ro SOFCfflJR 
)f4iUrti. S6m:^'X^fflC^/Co l»39!)^«. TIBS: 
(1) : 
[0068] 

[1^1 ] 



tm^ (%) 



xlOO (1) 



[0 0 6 9 ] tCj:O^SU/Co ^S>r>h5^:3u-ycC'0 
C>T(DJ»J9!l^«7 5%^**). SOFCtCot^roia^ 

<D|^i5a^« 7 9 ^-Ci) o /Co 

[0 0 7 0] <tmmi : •7^r>h5^^-:/*»>^ 
> h ^ ^ - •:fX(Omm^ 7 OtL tcm^(0'yi>r > 
h^^->^#^*r'<Dx;^;^+'--y^•^>X«^al OtC^ 

> Ke^J^-rAipIC^bri^^o ±ia^ ( 1 ) CcStoT 

imm^^^tctc^. ^5^r> h^zt-:/<z)jgiJi»« 30 

7 5%"C^'3»/Co 

[0 0 7 1 ] <tiMm2 : SOFC#tt>SOFC^m 
9 <b Ofcm^ S O F C#^*'C<Z>x:^;^:f-y^*'7 > 
X^01 ICC^fo i:b«JcD/ca?)SOFCffl*^.?4CC?5rti;^' 
X^ffll^ SOFC(Dgpy/;;^(Dj^x;^il.^-'--^rj^l45feS 

la^ ( 1 ) (cae^rM^^^^ei^)A:<i:C6. sofc© 
»lS5&^« 4 7 ^r* o /Co 

[0 0 7 2 ]mmm^j:z^tmm(^m^ti^^'?(^. m 
(cfiEnrc^scij&^^sn/Co 

[0073] 

SOFC<Det*&Ccm^J^-r^gf;^f;^*i. j^.«g:7-D 

'^:^mmimtLxmmy'U't::^(,cm^^ti^o c<ot 

SOFC<DP^;^7!i«8 00^1 0 0O*C<i:IN«(CB 
[0074] ±iB3am«:ljn;iT. KM§«:«Kigg>^P-feX 50 



t^J;:^xm.^^(O^Aiifimti^. ^fc. KSSOCiO 

mtmtox&imxft^fc^sb. s o f c^^rtSBtcgjcs 

icr^^o SOFC(3D|as6B#<o^ia^|8iur 
[007 5] :$:^^tC^-6rl>^^W > Kv-Xt^ACD^I 
^i:>ii:X .SOFC <DKfbm«*J J: 0'mmffi;^*33SI 

c^:tci:«5, S0FCfflKltSPJ:feJ:O'j^:7-p'i2:;^fflK 

ftmcDasf. fiss. ^^^[^^©c^ciasr*. sof 

a^HS (U4^*^U-^*{i;i'Sit^{C«U=^:x^U- 
^*i) 5{^^/jnf^5ti. SOFC^f^i&MgtC^-C^ia^ii: 

^c:<b7&sr*^/cd?>. SOFC|aabffl(D#mi^Sig3&5 

n-So 

[0076] */c. «S«g:/cH2>^*Jji7ci;Hmi^r*S 

it^. 3i7c:#H^<Djl7c:^j:^ ^ S O F C mmmc^m 

'r^immwu^-i^:^:^tux^mL. soFCiagsffl 
mi] SOFC. j^j^r^^a-fex. scMS^focfco'm^ 
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[m2] m 1 <bpI^i^^J:n>>'^V> Kv'Xr A-C^)»). 

[04] > xt^.®«: ^ 6 a >^N- >f > K v^;^ 

[05] >'^V>'^•X5-/>A*ffifflL/c#{^g^C*-5r^> 

[06] />V ^ > B b /cWSgtC* -6 n > 

[0 7 } im^Sii:m(^>X S O F CflB^g^^rJjnfS^Ur 

[08 ] >C^<sEfflb/ciXm&'2>:3> 

[09] 2[s:#6?3{c^5. SOFC<b^i;^r>h^^- 
i ^^S^ 5 /cii^CD x ;^ ;U - / ^' ^ > X 0 r 

^>;^^^'r0^*.€>a 
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